Fig. S1. Atomic force microscopy images of the nanowires before deposition of Al contact electrodes. Fig. S2 . SEM image of a device similar to the one measured but before depositing the top gate electrodes. Fig. S3 . Differential conductance (G) properties of the Al-InAs DNW-Al junction device. Fig. S4 . Differential conductance G against V sd measured at B = 0 T for a bias point on the respective plateau of (m, n). 
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Fig. S1. Atomic force microscopy images of the nanowires before deposition of Al contact electrodes. Fig. S2 . SEM image of a device similar to the one measured but before depositing the top gate electrodes. Fig. S3 . Differential conductance (G) properties of the Al-InAs DNW-Al junction device. Fig. S4 . Differential conductance G against V sd measured at B = 0 T for a bias point on the respective plateau of (m, n). (c) It is important to accurately position the DNW to fabricate Josephson junction devices with short ballistic one-dimensional channels. First, we choose an appropriate DNW among many nanowires transferred on the substrate using an optical microscope and then measure the position by an atomic force microscope (AFM), referring to markers prepared on the substrate before transferring the nanowires. Note that SEM is usually more convenient to measure the position, but we used AFM because the SEM electron beam may degrade the transport properties of the nanowires. Images of a typical nanowire are shown in Fig. S1 . We choose two parallel nanowires touching each other as a DNW to be processed.
We then pattern the 100 nm-thick Al contact electrodes as the superconducting contacts using an Figure S2 shows an SEM image of the device after the oxide deposition. The distance between the Al electrodes is approximately 20 nm.
Note S2. Magnetic field dependence of the superconducting gap
To estimate the superconducting gap energy and its magnetic field dependence, we measured the differential conductance G as a function of bias voltage with no magnetic field B in the single NW region where NW2 is pinched off at 1 = -9.94 V and 2 = -8.19 V. G against measured with no magnetic field is shown in Fig. S3 (a) . We observe two main peaks due to quasiparticle tunneling, shown by the red arrows. The peak separation is then given by 4 / with the superconducting gap Δ = 185 μeV. The estimated gap energy is consistent with a typical value of bulk Al [43, 44, 45] . The inner two small peaks at = ±∆/ are then assigned to the first order Andreev reflection.
G against measured for various out-of-plane magnetic fields is shown in Fig. S3 (b) . The gap becomes small as the magnetic field increases and then disappears at B = 160 mT. Therefore, we define the critical field as 160 mT. We note that the supercurrent observed in Fig. 5 of the main text also vanishes at B = 160 mT.
Note S3. Multiple Andreev reflection and quantized conductance outside the superconducting gap Figure S4 shows typical results of G against V sd measured in the plateau regions of (2,0), (0,2), and (2,2). The peak structures are observed in V sd < 2 ≅ 0.37 meV in all regions, which are originated from MAR [43, 46] . In addition, for a large bias voltage of V sd > 2Δ/e, G saturates to a constant value of (m+n)×2e 2 /h for the (m, n) plateau. These results support our assumption that the DNW is ballistic and the superconducting conductance is appropriately measured for the conductance plateaus of the DNW.
Note S4. Measurement points for supercurrent
We measure the supercurrent at several points in each plateau region of ( , ) and derive the mean value and standard deviation of ( , ). The measurement points are indicated by the circles on the surface plot of G as a function of V g1 and V g2 obtained for normal state conduction (see Fig. 1(c)) in Fig. S5 . Note that we carefully check that the conductance on the points is equal to (m+n)×2e 2 /h within the error of ±0.10 × 2e 2 /h.
Note S5. Magnetic field dependence of CPS and LPT
As shown in Fig. 5 , the magnetic field dependence of (2,2) and In the (m,n)=(2,4) and (4,4) cases, the CPS contribution shaded in purple vanishes at B= 80~100 mT while the LPT contribution remains for B up to 160 mT. On the other hand, for (m,n) = (2,4), the CPS contribution disappears at B= 40 mT.
Note S6. Another possible mechanism for the enhancement
Now we discuss other possible mechanisms such as macroscopic quantum tunneling (MQT) and thermal effects.
First, we estimate crossover temperature of MQT. For this purpose, we roughly estimate this capacitance from the insulator thickness and area of the bonding pads, resulting in at least 100 fF.
From this result, we evaluated the quality factor Q and plasma frequency ω using the resistively-capacitively shunted junction (RCSJ) model [47, 13] and found Q = 0.1 (<1) and ω=10 10 rad/s. Note that the junction is in the overdamped regime. Using this quality factor and the theoretical representation of crossover temperature in MQT ( 
